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Abstract 
Recently, ionic liquids were verified to be combustible instead of nonflammable; the contrary was thought to be true due their extremely 
low vapor pressure. Flash point is one of the most important variables used to characterize the fire and explosion hazards of liquids. 
Because of extremely low vapor pressure and decomposition at elevated temperatures, the reason for ionic liquids to be combustible 
should be different from that of traditionally defined liquids. The flash point of ionic liquids in relation to their decomposition was 
investigated in this study by the estimation of vapor pressure and by use of thermogravimetric analysis (TGA), differential scanning 
calorimetry (DSC), Fourier transform infrared spectroscopy (FTIR), and flash point analyzer apparatus. The ionic liquids 1-ethyl-3-
methylimidazolium ethylsulfate ([Emim][EtSO4]), 1-hexyl-3-methylimidazolium chloride ([C6mim][Cl]) and 1-butyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide ([Bmim][NTf2]), were selected as test examples. Results revealed that the 
flammability of ionic liquids was mainly attributed to the decomposition of the ionic liquids generating flammable substances instead of 
themselves vaporizing, as do traditionally defined combustible/flammable liquids. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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Nomenclature 
Psat saturated vapor pressure (Pa) 
R           gas constant 8.314 (J/mol) 
T            temperature (K) 
1. Introduction 
Ionic liquids are special liquids typically composed of organic cations and inorganic anions. The properties of very low 
vapor pressure, thermal stability, and broad liquid temperature range make ionic liquids widely useful for applications 
including green replacements for volatile organic solvents[1,2], catalysts[3], electrolyte materials for batteries[4], and 
nanocomposites[5]. 
Compared with traditional organic solvents, not only the vapor pressure of ionic liquids is very low, but also thermal 
decomposition occurs at elevated temperatures. Van Valkenburg et al. demonstrated that prolonged exposure to 
temperatures below the thermogravimetric analyzer (TGA)-determined onset temperature for ionic liquids will result in 
significant decomposition[6]. Fox et al. used TGA to measure the decomposition rate of 1-butyl-2,3-dimethylimidazolium 
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hexafluorophosphate (DMBIPF6). The results indicated that the onset temperature was 420 °C. However, the mass loss was 
observed at the much lower temperature of 200 °C, and became remarkable at 300 °C[7]. 
The flash point is the experimentally determined temperature at which a liquid emits sufficient vapor to form a 
combustible mixture with air[8]. The fire and explosion hazards of liquids are primarily characterized by their flash 
points[9]. Because of their extremely low vapor pressures, ionic liquids are often reported as nonflammable[4,10,11]. 
Recently, ionic liquids were verified to be combustible[7,12,13], For traditional flammable and combustible liquids, the 
flash-point values are relative to their vapor pressures[14]. Since decomposition may take place at temperatures at which the 
vapor pressure becomes measurable for ionic liquids, the flash point of ionic liquids should take decomposition into 
consideration in addition to vaporization. Understanding the relationship between the flash point of ionic liquids and their 
decomposition and evaporation is an important safety issue for application of ionic liquids in industrial situations.  
 These three ionic liquids 1-ethyl-3-methylimidazolium ethyl sulfate ([Emim][EtSO4]) , 1-hexyl-3-methylimidazolium 
chloride ([C6mim][Cl]) and 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ([Bmim][NTf2])were selected 
as samples for investigation in this study of the effects of decomposition and vapor pressure on flash point. 
2. Experimental 
Thermal stabilities were measured using a Mettler Toledo TGA/SDT 851 thermogravimetric analyzer (Switzerland) and 
a Mettler Toledo 821 Differential Scanning Calorimeter (Switzerland). The FTIR experiments were conducted in 
transmission mode with a wavenumber resolution of 4 cm-1 using a Nicolet Nexus 870 from Thermo (USA).  
An HFP 360 Pensky-Marten Flash Point Analyzer (Walter Herzog GmbH, Germany), which met the requirements of the 
ASTM D93B standard[15], was used to measure the flash points of the ionic liquids. 
3. Results and discussion 
3.1 Reason for ionic liquids to be combustible 
Figures 1(a) and 1(b) show that both TGA tracings of two of the tested ionic liquids, [Emim][EtSO4] and [C6mim][Cl], 
display gradual continuous weight loss, followed by slight weight loss, and then the main catastrophic weight loss event. 
Thus, the TGA thermograms of the two studied ionic liquids can be divided into three temperature ranges: less than 150 °C, 
150 °C–300 °C, and greater than 300 °C for [Emim][EtSO4], and less than 150
 °C, 150 °C–200 °C, and greater than 200 °C 
for [C6mim][Cl], Contrarily, the first temperature range, gradual continuous weight loss, was not observed in the TGA 
tracing of another tested ionic liquid, [Bmim][NTf2], only the second and third temperature ranges were observed (Fig. 1(c)). 
The boundary between the second and third temperature ranges for [Bmim][NTf2] is around 350
 °C. 
Fig.1. Thermogravimetric data for unheated ionic liquids, (a) [Emim][EtSO4], (b) [C6mim][Cl], and (c) [Bmim][NTf2]. 
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The picture of two or three temperature ranges is emphasized by inspection of the mass loss rate diagram of the TGA 
and the heat flow rate from the differential scanning calorimetry (DSC) scan (Fig. 2). The remarkable mass loss rates in the 
first and third temperature ranges for [Emim][EtSO4] and [C6mim][Cl] reflected in the DSC scans were the two endothermic 
peaks (Figs. 2(a) and 2(b)). In contrast, only one exothermic peak was observed in the DSC scan for [Bmim][NTf2] in the 
third temperature range (Fig. 2(c)) due to lack of the first temperature range on the TGA tracing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Mass loss rate and differential scanning calorimetry data for unheated ionic liquids, (a) [Emim][EtSO4], (b) [C6mim][Cl], and (c) [Bmim][NTf2]. 
The FTIR spectra of [Emim][EtSO4], [C6mim][Cl] and [Bmim][NTf2] were analyzed (Figs. 3 5, respectively). The 
overall thermogravimetric mass loss shown on the thermogram for an ionic liquid is the result of evaporation and/or thermal 
decomposition[8-10]. Heym et al. [9] indicated that the vapor pressure of [Emim][EtSO4] can be roughly estimated by the 
equation: 
                             15 164000/2 10sat RTP  e                                                                      ( 1 )  
The roughly estimated vapor pressure of [Emim][EtSO4] at 150
 °C, the highest temperature of the first temperature range, 
was 1.1×10-5 Pa, which implies that decomposition of [Emim][EtSO4] dominates in the first temperature range, where 
vaporization does not play any role.  
  After flash point testing, the colors of the ionic liquids changed from yellow ([Emim][EtSO4]), deep yellow 
([C6mim][Cl]) and transparent ([Bmim][NTf2]) to black, which implies that some reactions take place after flash point 
testing. The flammable components of the gas phase could possibly come from the evaporation of ionic liquids. The roughly 
estimated vapor pressures of [Emim][EtSO4] and [Bmim][NTf2] at their flash points of 157.0
 °C and 282.8 °C, respectively, 
are 2.4×10-5 and 7.6 Pa, respectively; these values are both too much lower than the order of the lower flammability limit for 
normal compounds (on the order of 3%) to make the vapor phase combustible even if [Emim][EtSO4] and [Bmim][NTf2] 
were flammable. Thus, it is apparent that evaporation is not the main reason for ionic liquids to be combustible, at least for 
[Emim][EtSO4] and [Bmim][NTf2]. This means that the cause of flammability for ionic liquids is quite different from that 
for traditional liquids, for which vaporization of the liquid phase makes them flammable. 
The FTIR analysis indicated that the difference in the spectra of [Emim][EtSO4] before and after the flash point test was 
the intensity of the absorbance band at 1109 cm-1 (C N vibration of aliphatic compounds) increased (Fig. 3), but not 
significantly. For the cases of [C6mim][Cl] and [Bmim][NTf2], the spectra before and after flash point testing were almost 
the same. Since only liquid samples were analyzed by FTIR, only high boiling compounds remained in the liquid phase and 
were observed; the gaseous products of decomposition were not analyzed in this study due to instrument constraints. 
Because the flash point values of the three ionic liquids were all located in the second temperature range, 157.0 °C for 
[Emim][EtSO4], 178.5 °C for [C6mim][Cl], and 282.8 °C for [Bmim][NTf2], the fact that no remarkable decomposition 
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products remained in the liquid phase may be attributed to very small quantities of the samples being decomposed at such 
temperature ranges. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. FTIR spectra for [Emim][EtSO4] samples, (a) before flash point test, (b) after flash point test. 
 
 
 
 
 
 
 
 
 
 
Fig.4. FTIR spectra for [C6mim][Cl] samples, (a) before flash point test, (b) after flash point test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.5. FTIR spectra for [Bmim][NTf2] samples, (a) before flash point test and (b) after flash point test 
The flammability hazard of a liquid is primarily characterized by its flash point.[12] The definition of flash point always 
focus on the evaporation of liquids, which seem to be unsuitable for ionic liquids. In the flash point estimation of ionic 
liquids, thermal decomposition should be given priority rather than saturated vapor pressure. 
4. Conclusions  
The flammability of ionic liquids is mainly relevant to their thermal decomposition rather than vaporization, in contrast 
to traditionally defined liquids. 
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